Aim. To obtain planting material of Miscanthus × giganteus in a large amount in order to study the peculiarities of morphogenesis of isolated meristem culture. Methods. The explants were sterilized using 70 % ethanol and 0.1 % mercury bichloride, after that, the methods of plant cultivation and reproduction in vitro and statistical processing of the obtained data was performed. Results. The study presents the results of obtaining the regenerate plants from dormant buds of 3-year-old rhizomes of Miscanthus × giganteus. The Murashige and Skoog medium supplemented with 6-benzylaminopurine (BAP) (0.75 mg/L) and kinetin (1.2 mg/L) was found to be the best for regeneration of microsprouts, providing the maximum value of the regeneration index (95 %) and contributing to the development of the main sprouts and tillering. The obtained sprouts were rooted in Murashige and Skoog medium supplemented with half-dose of macro-and micronutrients without growth regulators. In doing so, rooting index made up 95.0-97.0 %. The best substrate for the adaptation of miscanthus plants in vivo was found to be a mixture of peat, sand, and perlite in a ratio of 2 : 1 : 1, respectively. In this substrate, plant establishment reached 91 %. Conclusions. The peculiarities of morphogenesis in Miscanthus × giganteus isolated meristem were studied. At the same time, the index of sprouts regeneration varied from 90.0 to 100.0 %. In addition, the development of the main sprout and multiple tillering occurred in 85.0-100.0 % explant. The highest survivability of micro-plants (91-95 %) was provided in the peat-sand-perlite substrate in a ratio of 2 : 1 : 1.
INTRODUCTION
One of the top priority tasks of all the civilized countries is ensuring the development of bioenergetics, preserving natural resources and searching for new sources of alternative energy. Recent years have witnessed a considerable interest to the new crop, Miscanthus × × giganteus, which is among the most promising plants to obtain biofuel of organic origin -ecologically pure and renewable source of energy [1] . By-products of plant origin (straw, corn stalks, etc.) and dedicated energy plants may also be used as energy commodity [2, 3] . One of these plants is a tree-like grass -miscanthus. Miscanthus × giganteus, an allotriploid hybrid, remarkable for a considerably higher biomass gain compared to other species, is of the highest interest for biofuel production. This crop has a number of advantages compared to other energy crops: high biomass performance, positive energy balance, easy maintenance in soil, drought resistance [4] .
Miscanthus × giganteus is a large warm-season Asian grass and a novel leading bioenergy crop in Asia, Europe and North America [5, 6] . The experience of Europe demonstrates that miscanthus has high biological performance of biomass in a wide geographical range of moderate climatic regions, including marginal lands [7, 8] . It is not grown much in Ukraine yet, however, the interest to this energy crop is increasing consistently, as it can yield up to 20 t/ha of dry matter in favorable weather conditions.
Many authors studied and developed novel biotechnological methods of reproducing miscanthus and elaborating new initial forms to enhance genetic variability of current species from the standpoint of using them as bioenergetics commodity [9] [10] [11] . In order to accelerate the selection process, there are biotechnology methods, used to obtain a suf¿ cient amount of material for studies in a short period of time [12] . Solving this problem is related to the search for the ways of direct morphogenesis in vitro in the culture medium and the possibility of regulating these ways in the controlled experimental conditions in vitro.
The aim of the work. To obtain planting material of Miscanthus × giganteus in a large amount in order to study the peculiarities of morphogenesis of isolated meristem culture.
MATERIALS AND METHODS
The material of the study was dormant buds of 3-yearold rhizomes of Miscanthus × giganteus. 70 % ethanol and 0.1 % solution of HgCl 2 were used for sterilization. The explants were sterilized for 1.5 min in 70 % ethanol and for 22 min in the solution of 0.1 % mercury bichloride with subsequent washing in three portions of water for 7-10 min. Sterile explants were placed into tubes with 10 ml Murashige and Skoog (MS) nonhormone culture medium [13] with subsequent transfer to the modi¿ ed culture MS medium: MSR1 (MS + + BAP (0.2 mg/l)) and MSR2 (MS + BAP (0.75 mg/l) + + kinetin (1.2 mg/l)). The biological replication was 40 plants.
Miscanthus sprouts were rooted in MS medium, supplemented with half-dose of macro-and microelements without growth regulators. The explants were cultivated in the cultural room at 23-25 ºɋ, relative air humidity of 60-70 % and illumination of 3,000 lx, photoperiod -16 h. The plants were adapted to in vivo conditions in the climate chamber (Rubarth Apparate GmbH RUMED, Germany) using different soil mixtures: 1) peat: sand : perlite (2 : 1 : 1), 2) peat : sand (2 : 1), 3) peat : perlite : soil (2 : 2 : 1) at 24-25 °ɋ, humidity of 70-80 %, illumination intensity -1,500 lx, photoperiod -16 h. The obtained results were statistically processed using Microsoft Of¿ ce Excel 2010 package.
RESULTS AND DISCUSSION
Our studies demonstrated that the highest percentage of sterile dormant buds (70 %) was obtained by keeping them consistently in 70 % C 2 H 5 OH (1.5 min) with further transfer into 0.1 % solution of HgCl 2 (22 min) and washing three times in sterile distilled water. The extracted dormant buds started enlarging on the 5 th -6 th day after planting into the culture medium. On days 8-10, they were transferred into the culture media MSR1 and MSR2. The ef¿ ciency of selected media was estimated by the following indices: the length of sprouts, their number and frequency of multiple tillering. The measurements of morphometric indices and the calculations of quantitative data were performed for 30 days (Table 1) .
During the ¿ rst three weeks of cultivation, the regeneration processes in isolated miscanthus plants were most active in the presence of a larger amount of BAP and kinetin in the culture medium. According to our observations, kinetin (1.2 mg/l) promoted the formation of buds and additional sprouts.
There is a known scienti¿ c fact that some cytokins are capable of removing apical domination and leading to awakening of accessory buds. In our studies the addition of BAP (0.75 mg/l) caused active formation of 3-7 additional sprouts on the 4 th -5 th week of cultivation. It should be noted that saccharose (30 mg/l) was found to be a favorable source of carbohydrates at this stage of cultivating isolated explants.
The studies demonstrated that the optimal culture medium for regeneration of microsprouts was MSR2, supplemented with BAP (0.75 mg/l) and kinetin (1.2 mg/l). Here the frequency of regeneration of sprouts was 90.0-100.0 % with the development of the main sprout and multiple tillering with the frequency of 85.0-100.0 % (Fig.1) .
Noteworthy is the rhizogenesis process. The rooting of Miscanthus × giganteus sprouts in vitro depended on the size of a sprout and the number of passages performed. The 5-6-cm-long sprouts (8-9-week-old) were transferred to MS culture medium with half-dose of macro-and microelements without growth regulators. Miscanthus × giganteus plants demonstrated their capability of normal development in this culture medium. The formation of the root system was observed on the [8] [9] [10] [11] th day of cultivation (Fig. 2) .
After the formation of the root system, the laboratory plants started growing actively, doubling and even tripling in their sizes within 7 days with active formation of leaves. There were 4-10 roots of 1.5 cm on average obtained per one sprout. On the 30 th day of cultivation the number of roots was in the range from 9 to 22, and their length was from 4 to 13 cm ( Table 2 ). The frequency of rooting was 95.0-97.0 %.
The 12-14-week-old laboratory plants (depending on the cultivation period in the rooting medium) can be further grown in a greenhouse. Regenerate plants of 5-7 cm with a well-developed root system were carefully extracted with forceps, their roots were thoroughly washed from the culture medium (to prevent rotting and perishing of plants) and they were planted into different soil substrates. (Fig. 3) . The plants were watered with distilled water regularly.
It is evident that substrate No. 1 was found to be the most ef¿ cient for miscanthus plants, as, contrary to substrates Nos. 2 and 3, it promoted fast rooting, growth and development of sprouts. Four-¿ ve weeks later the plants showed the formation of 3-4 leaves and ¿ broid root system. In these conditions the survivability of microplants was 91-95 %.
Therefore, a series of studies was conducted to investigate the peculiarities of morphogenesis of Miscanthus × giganteus isolated meristems.
CONCLUSIONS
The peculiarities of morphogenesis in Miscanthus × giganteus were studied in culture in vitro. The frequency of regeneration of sprouts was 90.0-100.0 %, there was noted development of the main sprout and multiple tillering with the frequency of 85.0-100.0 %. The most suitable substrate for adaptation of miscanthus to in vivo conditions was peat : sand : perlite in the ratio of 2:1:1, the survivability of regenerate plants was 91-95 %. Ɇɟɬɚ. Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɭ ɜɟɥɢɤɿɣ ɤɿɥɶɤɨɫɬɿ ɩɨɫɚɞɤɨɜɨɝɨ ɦɚɬɟɪɿɚɥɭ ɦɿɫɤɚɧɬɭɫɭ ɝɿɝɚɧɬɫɶɤɨɝɨ ɞɨɫɥɿɞɢɬɢ ɨɫɨɛɥɢɜɨɫ-ɬɿ ɦɨɪɮɨɝɟɧɟɡɭ ɜ ɤɭɥɶɬɭɪɿ ɿɡɨɥɶɨɜɚɧɢɯ ɦɟɪɢɫɬɟɦ Miscanthus × giganteus. Ɇɟɬɨɞɢ. ɋɬɟɪɢɥɿɡɚɰɿɸ ɟɤɫɩɥɚɧɬɚ-ɬɿɜ ɩɪɨɜɨɞɢɥɢ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ 70%-ɧɢɣ ɪɨɡɱɢɧ ɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɭ ɬɚ 0,1%-ɧɢɣ ɪɨɡɱɢɧ ɫɭɥɟɦɢ. ɇɚɞɚɥɿ ɜɢɤɨɪɢɫɬɨ-ɜɭɜɚɥɢ ɦɟɬɨɞɢ ɤɭɥɶɬɢɜɭɜɚɧɧɹ ɿ ɪɨɡɦɧɨɠɟɧɧɹ ɪɨɫɥɢɧ in vitro ɬɚ ɫɬɚɬɢɫɬɢɱɧɭ ɨɛɪɨɛɤɭ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ɋɟɡɭɥɶɬɚɬɢ. ɇɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɨɬɪɢɦɚɧɧɹ ɪɨɫɥɢɧ-ɪɟɝɟɧɟɪɚɧɬɿɜ ɦɿɫɤɚɧɬɭɫɭ ɡɿ ɫɩɥɹɱɢɯ ɛɪɭɧɶɨɤ, ɜɢɞɚɥɟɧɢɯ ɿɡ ɤɨɪɟɧɿɜ ɬɪɢɪɿɱɧɢɯ ɪɨɫɥɢɧ Miscanthus × giganteus. Ɉɩɬɢɦɚɥɶɧɢɦ ɞɥɹ ɪɟɝɟɧɟɪɚɰɿʀ ɦɿɤɪɨɩɚɝɨɧɿɜ ɜɢɹɜɢɥɨɫɶ ɠɢɜɢɥɶɧɟ ɫɟɪɟɞɨɜɢɳɟ Ɇɭɪɚɫɿɝɟ-ɋɤɭɝɚ, ɞɨɩɨɜɧɟɧɟ 6-ɛɟɧɡɢɥɚɦɿɧɨɩɭɪɢɧɨɦ ɬɚ ɤɿɧɟɬɢɧɨɦ ɭ ɤɨɧɰɟɧɬɪɚɰɿʀ 0,75 ɦɝ/ɥ ɬɚ 1,2 ɦɝ/ɥ ɜɿɞɩɨɜɿɞɧɨ. ɉɪɢ ɰɶɨɦɭ ɱɚɫɬɨɬɚ ɪɟɝɟɧɟɪɚɰɿʀ ɩɚɝɨɧɿɜ ɛɭɥɚ ɦɚɤɫɢɦɚɥɶɧɨɸ ɿ ɫɬɚɧɨɜɢɥɚ 95 %, ɬɚɤɨɠ ɫɩɨɫɬɟɪɿɝɚɜɫɹ ɪɨɡɜɢɬɨɤ ɨɫɧɨɜɧɨɝɨ ɩɚɝɨɧɭ ɬɚ ɦɧɨɠɢɧɧɟ ɩɚɝɨɧɨɭɬɜɨɪɟɧɧɹ. ɍɤɨɪɿɧɟɧɧɹ ɨɬɪɢɦɚɧɢɯ ɩɚɝɨɧɿɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɟɪɟɞɨɜɢɳɿ Ɇɭɪɚɫɿɝɟ-ɋɤɭɝɚ ɡ ɩɨɥɨɜɢɧɧɢɦ ɜɦɿɫɬɨɦ ɦɚɤɪɨ-ɿ ɦɿɤɪɨɟɥɟɦɟɧɬɿɜ ɛɟɡ ɞɨ-ɞɚɜɚɧɧɹ ɪɟɝɭɥɹɬɨɪɿɜ ɪɨɫɬɭ. ɑɚɫɬɨɬɚ ɭɤɨɪɿɧɟɧɧɹ ɫɤɥɚɞɚɥɚ 95,0-97,0 %. Ⱦɥɹ ɚɞɚɩɬɚɰɿʀ ɦɿɫɤɚɧɬɭɫɭ ɞɨ ɭɦɨɜ in vivo ɧɚɣɤɪɚɳɢɦ ɜɢɹɜɢɜɫɹ ɫɭɛɫɬɪɚɬ ɬɨɪɮ : ɩɿɫɨɤ : ɩɟɪɟɥɿɬ ɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 2 : 1 : 1, ɩɪɢ ɰɶɨɦɭ ɩɪɢɠɢɜɥɸɜɚɧɿɫɬɶ ɪɨɫɥɢɧ-ɪɟɝɟɧɟɪɚɧɬɿɜ ɫɬɚɧɨɜɢɥɚ 91 %. ȼɢɫɧɨɜɤɢ. ɍ ɪɟ-ɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɢɜɱɟɧɨ ɨɫɨɛɥɢɜɨɫɬɿ ɦɨɪɮɨɝɟɧɟɡɭ ɜ ɤɭɥɶɬɭɪɿ in vitro ɪɨɫɥɢɧ ɦɿɫɤɚɧɬɭɫɭ (Miscanthus × giganteus). ɑɚɫɬɨɬɚ ɪɟɝɟɧɟɪɚɰɿʀ ɩɚɝɨɧɿɜ ɫɬɚɧɨɜɢɥɚ 90,0-100,0 %, ɜɿɞɛɭɜɚɜɫɹ ɪɨɡɜɢɬɨɤ ɨɫɧɨɜɧɨɝɨ ɩɚɝɨɧɭ ɿ ɦɧɨɠɢɧɧɟ ɩɚɝɨɧɨɭɬɜɨɪɟɧɧɹ ɡ ɱɚɫɬɨɬɨɸ 85,0-100,0 %. Ⱦɥɹ ɚɞɚɩɬɚɰɿʀ ɦɿɫɤɚɧɬɭɫɭ ɞɨ ɭɦɨɜ in vivo ɧɚɣɤɪɚɳɢɦ ɜɢɹɜɢɜɫɹ ɫɭɛɫɬɪɚɬ ɬɨɪɮ : ɩɿɫɨɤ : ɩɟɪɥɿɬ ɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 2:1:1, ɩɪɢɠɢɜɥɸɜɚɧɿɫɬɶ ɪɨɫɥɢɧ-ɪɟɝɟɧɟ-ɪɚɧɬɿɜ ɫɬɚɧɨɜɢɥɚ 91-95 %. ɐɟɥɶ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɨɫɚɞɨɱ-ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɢɫɤɚɧɬɭɫɚ ɝɢɝɚɧɬɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɥɢ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɪɮɨɝɟɧɟɡɚ ɜ ɤɭɥɶɬɭɪɟ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɦɟɪɢɫɬɟɦ Miscanthus × giganteus. Ɇɟɬɨɞɵ. ɋɬɟɪɢɥɢ-ɡɚɰɢɸ ɷɤɫɩɥɚɧɬɚɬɨɜ ɩɪɨɜɨɞɢɥɢ, ɢɫɩɨɥɶɡɭɹ 70%-ɧɵɣ ɪɚɫɬɜɨɪ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ 0,1%-ɧɵɣ ɪɚɫɬɜɨɪ ɫɭɥɟɦɵ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞɵ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɢ ɪɚɡɦɧɨɠɟɧɢɹ ɪɚɫɬɟɧɢɣ in vitro ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɢ-ɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɢɹ ɪɚɫɬɟɧɢɣ-ɪɟɝɟɧɟɪɚɧɬɨɜ ɦɢɫɤɚɧɬɭɫɚ ɢɡ ɫɩɹɳɢɯ ɩɨɱɟɤ, ɜɵɞɟɥɟɧɧɵɯ ɜɦɟɫɬɟ ɫ ɪɢɡɨɦ ɢɡ ɤɨɪɧɟɣ ɬɪɟɯɥɟɬɧɢɯ ɪɚɫɬɟɧɢɣ Miscanthus × giganteus. Ɉɩɬɢɦɚɥɶɧɨɣ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɦɢɤɪɨɩɨɛɟɝɨɜ ɨɤɚɡɚɥɚɫɶ ɩɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ Ɇɭɪɚɫɢɝɟ-ɋɤɭɝɚ, ɞɨɩɨɥ-ɧɟɧɧɚɹ 6-ɛɟɧɡɢɥɚɦɢɧɨɩɭɪɢɧɨɦ ɢ ɤɢɧɟɬɢɧɨɦ ɜ ɤɨɧ-ɰɟɧɬɪɚɰɢɢ 0,75 ɦɝ/ɥ ɢ 1,2 ɦɝ/ɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɨɬɚ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨɛɟɝɨɜ ɛɵɥɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢ ɫɨɫɬɚɜɢɥɚ 95 %, ɧɚɛɥɸɞɚɥɨɫɶ ɪɚɡɜɢɬɢɟ ɨɫɧɨɜɧɨɝɨ ɩɨɛɟɝɚ ɢ ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɩɨɛɟɝɨɨɛɪɚɡɨɜɚɧɢɟ. ɍɤɨɪɟ-ɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɩɨɛɟɝɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɪɟɞɟ Ɇɭ-ɪɚɫɢɝɟ-ɋɤɭɝɚ ɫ ɩɨɥɨɜɢɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɚɤɪɨ-ɢ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɨɜ ɪɨɫɬɚ. ɑɚɫɬɨɬɚ ɭɤɨɪɟɧɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ 95,0-97,0 %. Ⱦɥɹ ɚɞɚɩɬɚɰɢɢ ɦɢɫɤɚɧɬɭɫɚ ɤ ɭɫɥɨɜɢɹɦ in vivo ɧɚɢɥɭɱɲɢɦ ɨɤɚɡɚɥɫɹ ɫɭɛɫɬɪɚɬ ɬɨɪɮ : ɩɟɫɨɤ : ɩɟɪɥɢɬ ɜ ɫɨɨɬɧɨɲɟ-ɧɢɢ 2 : 1 : 1, ɩɪɢ ɷɬɨɦ ɩɪɢɠɢɜɚɟɦɨɫɬɶ ɪɚɫɬɟɧɢɣ-ɪɟɝɟɧɟɪɚɧɬɨɜ ɫɨɫɬɚɜɥɹɥɚ 91 %. ȼɵɜɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɢɡɭɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɪɮɨɝɟɧɟɡɚ ɜ ɤɭɥɶɬɭɪɟ in vitro ɪɚɫɬɟɧɢɣ ɦɢɫɤɚɧɬɭɫɚ
MORPHOGENESIS OF MISCANTHUS × GIGANTEUS IN VITRO
(Miscanthus × giganteus). ɑɚɫɬɨɬɚ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨɛɟ-ɝɨɜ ɫɨɫɬɚɜɥɹɥɚ 90,0-100,0 %, ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɡɜɢɬɢɟ ɨɫɧɨɜɧɨɝɨ ɩɨɛɟɝɚ ɢ ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɩɨɛɟɝɨɨɛɪɚɡɨɜɚɧɢɟ ɫ ɱɚɫɬɨɬɨɣ 85,0-100,0 %. Ⱦɥɹ ɚɞɚɩɬɚɰɢɢ ɦɢɫɤɚɧɬɭɫɚ ɤ ɭɫɥɨɜɢɹɦ in vivo ɥɭɱɲɢɦ ɹɜɥɹɟɬɫɹ ɫɭɛɫɬɪɚɬ ɬɨɪɮ : ɩɟɫɨɤ: ɩɟɪɥɢɬ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 2 : 1 : 1, ɩɪɢɠɢɜɚɟɦɨɫɬɶ ɪɚɫɬɟ-ɧɢɣ-ɪɟɝɟɧɟɪɚɧɬɨɜ ɫɨɫɬɚɜɢɥɚ 91-95 %.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɢɫɤɚɧɬɭɫ, ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ, ɪɟɝɟɧɟɪɚɰɢɹ, in vitro, ɦɨɪɮɨɝɟɧɟɡ.
